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(S4)Tttie: METHOD FOR IMMANTING LARGE VOLUMES OF CELLS ON POLYMERIC MATRICES 



(57) Abstract 

The present invention is a method and means wherd>y large volumes of ceUa having a desired function are attached to 
and, optionally, proliferated, on a biocompatible d^radable^ non-degradable or combination d^dablcKnon-degradable scaf' 
foldmg and transferred with nrininal trauma and blood loss into a patient at a site appropriate f<w attachment, growth and func- 
to^ to produce a functional organ equivalent m die absence of vascularization of the implanted cdl mass. In the piefored em- 
to^ent, multq^le cell-matrix structures are inq>lantBd between folds of the mesentery. The method is pazticulariy well suited for 
growth of endoaine structures, mduding liver, pancreas, and adrenal g^d, as wdl as otii^ tissues. Thepiefmd material for 
fcmmng the matrix or suppcHt structure is a biod^radable artificial pcdymer. Mat^als such as angiog^esis factors can be incor- 
grated mto degradable matrices for use in pi^^paring tfie in^lantation sites prior to, or at the dme of, implatiting the cells. The 
fmu^n and yiMhty of the attadied oeOs can also be manq>ulated by treatment or coatiing of the matrix rtructurc to increase the 
number of attachment sites* 
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This is a eoxxtlsmatlon-^in'-part of U«So 
serial Ho. 07/343,158 entitled ""Method for 
S^l&ntiagr Lsrge Voliames of Cells on Polymeric 
saatric©g«" filed April 25 » 1989 by Joseph Po 
Vacsanfeij Robert S., I^anger, and Lynt Johnson, vhich 
10 is a continuation-in-^part of 13. Serial WOo 

07/123,579 entitled '"ChiHieric Meomorphogenesis of 
Organs by Controlled cellular Implantation Using 
Artificial Matrices'™ filed Hoveaber 20, 1987 by 
Joseph P, Vacant! axsd Robert S= Langer, now 
15 abandoned and refiled, which is a continuation=in= 
part of U.So serial MOo 06/933,018 entitled 
"Ghdstsrie Heoisorphogenesis of Organs Using 
Artificial laatrices"' filed November 20, 1986 by 
Joseph P. Vacant!, now abandoned and refiledo 
20 This invention generally relates to orgem 

ijBplantation and acre specifically is a method for 
implanting large volumes of cells on polymeric 
matrices into a patient o 

There- are many diseases vhich cause 
25 significant dysfunction of the liver, ultimately 
caiising hepatic failure. There are no artificial 
support systems for liver failure, so that, in the 
absence of a successful transplant, liver failure 
alt^airs results in the death of the patient » it has 
30 been estimated that 30,000 people die of hepatic 

failuare every year in the United States, at a cost 
to society of $14 billion dollars annually » Some of 
these diseases incltade genetic defects that result 
im defects of protein meteibolism, defects of amino 
35 acid metabolism, defects of carbohydrate 

metabolism, defects of pyrimidine and purine 
metabolism, defects of lipid metabolism, and 
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defects o£. minesral sie^abollsnn» Anotlier group e£ 
p&^ien'&s siifferia? from liver disease are ^ose 
V^lth oXodbol induced liver disease » At this time, 
these patients have no options » 
5 Over the last fe^ years, organ ii^plantation 

has becoae an increasingly isoportant siethod for 
treating organ c^rsfunction. Unfortunately, despite 
the cursrent success in transplantation of a variety 
of organp, especially the liver, many people die as 

10 a result of the critical shortage of donor organs o 
The only ^thod for treating those patients for 
^ic^ transplantation is an option is to maintain 
them until a liver hecoxoes available for 

• " / . transplantationo . - 

15 fJransplantation of the whole liver has 

became aisi increasingly successful surgical 
lEKanipulation through the 1980 °s, largely through 
t&e efforts of Dro ^oaas Starslo However, the 
technioal cosapleKity of the surgery, the enormous 

20 loss of blood, the stormy postoperative coxxrse^ and 
the many unknoOTXs of hepatic transplantation ^ have 
made it an expensive technology availsO^le only in 
major misdical centers o It has become increasingly 
cle^ that because of donor scarcity, 

25 transplantation ^iU never meet the needs of the 

patients ^ho reguire ito Cixrrently, approximately 
1500 patients per year undergo hepatic 
transplantation o Even if that capacity were 
tripled it would fall short of the 30,000 patients 

30 dying of end<=-stage liver disease a 

The emergence of organ transplantation and 
the science of immimobiology has allowed 
replacement of the kidney, heart, liver, and other 
organs o However ^ as the ability to perform these 

35 complex operations has improved ^ the limitations of 
the technology have become more evident o The 
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surgery is coxaple^ &n<S lasually assocla1:ed %7i*&h 
major bleed les@o Ch® preservation tisie is sSior^ 
aad^ tlhereforeff results in major logistical 
probl©i^ in snatching a distant donor with a 
5 r@6ipi@nto For these reasons, tlie underta3cing is 
©3^easi^© and labor intensive^ requiring a major 
investment o£ resources available only in tertiary 
care facilities o 

Selective cell transplantation o£ only 

10 tbose parenchymal elements necessary to replace 
lost function Saas been proposed as an alternative 
to ^ole or partial organ transplantation o This 
bas seversal attractive features, including avoiding 
major surgery ^ith its attendant blood loss, 

15 anesthetic difficulties, and complications « Xt 

replaces only those cells %^ch supply the needed 
function and, therefore, problems ^ith passenger 
leucocytes, antigen presenting cells, and other 
cell types %Aiich may promote the rejection process 

20 are avoidedc Adding the techniques of cell culture 
provides another set of tools to aid in the 
transplantation process « The aibility to e^and 
cell numbers with proliferation of cells in 
cultmre, in theory, allocs autotransplamtation of 

25 one^s o^ tissue o 

Recently p a number of groups have engaged 
in research and development of varioxis ^ays to grotj 
cells in vitro for subsequent implantation, as well 
as t© directly implant the cells in vivo o Most 

30 such efforts have met with only limited success due 
to problems with the cells failing to proliferate 
and function once implanted » 

^087/06120 by Marrow-Tech Incorporated 
describes successfully growing in vitro cells such 

35 as bone marrow cells on nylon meshes seeded with 
stromal cells o Aa Demetriou, et al » . Science 
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233^a.l9Q»1192 (1986) describes inplantation and 
fimetion q£ hepe^ocTtes a-ttached to collagen coatod 
mibrocarsrier b^ads injected into the peritoneal 
cavity o Others ha^e directly is^lanted in vivo 
5 pancreatic tiss«:ie into diabetic patients.. An 
earlier approadbi ^ich %?as not successful in 
a^dwiinig long=tera benefits was the 
transplantation of islet cells through injection off 
isolated clmsters of islet cells into the portal 
10 circulation^ ^ith implantation in the vasctxlar bed 
of .the liver .> Hore recent e^eriiaental methods 
have included encapsulation of pancreatic beta 
cells to prevent immune attack by the host and 
injection of fetal beta cells beneath the capsule 
15 of the kidney o Although there is evidence of short 
t€krs function^ long term results have been less 
satisfactory (DoBaRo Sutherland^, Diabetologia 20, 
a61°lS5 C1981)§ DoEoRo Sutherland. Piabetolog^ si 
20ff lft35«sqo (196%} }0 and ^ole organ pancreatic 
20 tra£isplantation has resoained the preferred 
treatsae^to 

Sn UoSo Serial MOo 123,579 entitled 
"'Chiaerie Meomorphogenesis of Organs by Controlled 
Cell^ar laaplantation Using Artificial Matrices™ 
25 filed Fovesber'20, 1987 by Joseph Po Vacanti and 
Robert So Langer^ and UoSo Serial Moo 933,018 
. entitled "'dhiaeric Heomorphogenesis of Organs Using 
Artificial Matrices'^ filed Novesnber 20, 1986 by 
Jos(^h Po Vacantia a method and matrices ^ere 
30 disclosed that allot? cells of a variety of types to 
be proliferated in vitro prior to implantation An 

^d vascularization o The principal element of 
both the method and the matrices is that the three 
dimensional support structure provides sufficient 
3S spacing between seeded cells for adequate diffusion 



of nu-trlents and gas eacchaoige from the stxrrounding 
media to occur in the absence of vascularization. 

However, even this method still recpiires 
is^lsuitation of the cell mass, especially of cells 
such as hepatocytes, pancreas, smd other endocrine 
cells, into the patient using surgical procedures 
creating a wound which can then produce 
cos^lications. Further, it requires implantation 
of a lairge volume of cells for the cells to 
proliferate and function. 

It is therefore an object of the present 
invention to disclose a TOthod and means for 
implanting large volumes of cells to form a variety 
of organs, especially endocrine organs including 
liver, pancreas and adrenal gland, which 
functionally resesnble the naturally occuxxing 
organs* 

It is a further object of the present 
invention to provide a method for implsmting large 
volumes of cells on biodegradable, non-toxic 
matrices to form functional organ equivalents which 
is relatively non-invasive and traumatic as 
compared to conventional surgical procedures* 

summary of the Invention 

The present invention is a method and means 
whereby large volumes of cells having a desired 
function are attached to polymer scaffolding and 
tr€m8f erred with minimal wounding and blood loss 
into a patient at a site appropriate for 
attachment, growth and function of the cells on the 
scaffolding, thereby producing a functional organ 
eqpilvalent. The method involves seeding cells onto 
a ninnber of similar or different matrices, then 
isiplanting the matrices in vivo between tissues so 
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:tbat the is^ian'&ed cells are provided vlt:h adeqpia^e 
mstrltion emd gae eschange, even in the absence of 
vascularization I, but in cell quantities 
sufficiently large to provide the required 
5 2ti:^ction« The siethod is peirticularly ^^ell suited 
grof?th o£ endocrine structures, including 
liver^^ pancreas^ and adrenal gland, but gbxk be niised 
for gro^Tth and function of other types of tissue o 

in the preferred e3aabodi2iient, seeded poli^mer 
. 10 sheets are placed bet^reen folds of the mesenteryo 
Th^ vascular supply from the portal circulation 
supplies mtrients and normaX metabolic factors to 
this i^lanted cells by diffusion until ingro^h of 
blood vessels f olloHiirag isiplantation provides for 
15 noraal feedback mechanisms controlling the solxxble 
products of the implanted cells c The preferred 
material for forming the matrix or support 
structure is a biodegradable artificial polymer, 
^flsiich is degraded by hydrolysis at a controlled 
20 rate and absorbed, alone or in combination ^ith a 
non^^egrisidable support structure « The degradable 
materials provide the aaacimun control of 
degradability, manageability, size and 
configurationo Further, materisas such as 
25 angiogenesis factors can be incorporated into 
^degradable matrices for tise in preparing the 
. implantation sites prior to, or at the time of, 
is^lanting the cells o 

Initially growing the cells in cultiire 
30 allotfs Bianipulation and proliferation of the cells 
^rtiich may be beneficial following implantation of 
the matrix cell structures, but is not required if 
. addauate cells for seeding can be obtained by 
biepsyo 

35 Tc^o hundred rat implantation studies using 

. ne^ tissue laminates of mesenteric leaves 
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alterna'tisig with fslt-like sheets of polysiie£'» 
hepatocjffees Gonstructs have been conducted » 
Hepatocyte loading on polysiers in culture has 
varied between 30 and 600 million cellg per rat^, 
S averaging SO to 100 million cells per rato A 150 
gram rat accepts 36 cm^ of polymer material loaded 
^/ith cells (eight sheets 1x3 cm s 2 mm thickness 
needed to 500^000 cells/em^^ yielding an implant 
1x1^3 am} o Engraftment has been achieved in 96§ of 

10 cases o Histological analysis from 5 days to ten 
months reveals neovascularization ^ histologically 
normal appearing nests and clusters of hepatocyteso 
Liver specific function has been documented in sita 
at 62 days using dLmmunofluorescent staining for 

15 albumin and partial replacement of function has 
been observed in the Gunn rat model of glucuronyl 
transferase def iciencyo 

S^^S ©©@@ripti@25i ©2 the Drawings 

Figure lA is a side saggital sectional view 
20 Of an adult human showing the various elements of 
the tu^per and lo^er gastrointestinal tracts 
including the small intestines and the mesentery <> 
Figure IB is a frontsil prospective view of the 
mesentery of the small intestine o 
25 Figure 2 is a view of the veins of the 

circulatory system associated ^ith the mesentery o 

Figure 3A and 3B are diagrams of the method 
of the present invention shoning implantation of 
polymer sheets seeded with cells being placed 
30 between folds of the mesentery f Figure 3 A is a 

prospective view; Figure 3B is a cross-sectional 
viewo 

Figure 4 is a diagram of the chimeric 
structure resulting from the insertion of the 
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pcOYmer sheets, as shown In Figure 3, loosely 
approxii&ated togefiher to form a chlBierlc cell 
loatrix structore according to the present 
invention. 

5 Figure 5 is a freeze-fracture view of a 

cross-section of a sponge-like matrix having a 
thidcness in the range 200 to 500 jum thick. 

Figure 6A depicts a low power view of an 
implantation site. The right and left margins are 

10 the original mesenteric folds and the cell polymer 
construct can be seen between the leaves. The 
polymer material shows a giemt cell foreign body 
reaction around each of the fibers. There is a 
modest inflammatory cell infiltrate in the 

15 interstices. Small nests and clusters of vieJble 

hej^tpcy^es can be seen throughout the implant, and 
neovascularization is present throughout. Figure 
6b is a higher power view documenting that the 
nests of hepatoc^tes clearly prefer the edges of 

20 the implaint closest to the mesenteric fold and the 
associated blood sii^ply. The hepatocytes are also 
not; attached to the polymer fibers, indicating the 
preferential adhesivity that occurs to each other 
as well as tU>. the matrix that they have laid down. 

25 There is an associated fibroblast reaction with 
collagen deposition. 

Figure 7a is a photo of a polymeric matrix 
containing 6HL isqpleoited into the mesentery. 
Figure 7b is a photo of a polymeric matrix not 

30 containing GHL implanted into the mesentery. 

Detailed Description of the Invention 

A method allowing large volumes of 
avasculsur tissue to be simultaneously implanted in 
a patient with minimal wounding is based on the 
35 discovery that multiple seeded polymeric matrices 
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G&n be juxtaposed with certain tissues and undergo 
adequate e^ehange o£ nutrients and gases to groi? 
and ps^life^teo 3bese tissues, such as the 
aesentery and the cnaentua, have large surface areas 

5 BBd are highly vaBculas>o 

sa<s"feEi®£l saS ■ &s Siffigilgiatafeiea @g ©©ii-'Katsis 

!!?he peritoneum is an esetensive serous 
aesibrane lining the abdominal cavity and many of 
10 the organs in the cavity » Tki& '"mesentery™ is 

ordinarily used to refer to the mesentery of the 
fismall intestine ; a double->layered fold of 
peritoneum suspending it from the posterior 
abdominal ^11 « The attached border of the 
IS mesentery is only about 15 cm in length, and runs 
tsom approximately the second lumbar vertebra 
domxtmrd and to the right , crossing part of the 
duodenum 9 the aorta » the inferior vena cava, and 
across totrards the right sacroiliac joint. The 
20 free or unattached border, containing the jejuna= 
ileum, is frilled out like an accordion, attaining 
a length ranging from three to six meters. The 
distance from the free border to the attached 
border ranges from 15 to 22 cm in length, 
25 Between the tw© layers of peritoneum, on 

the tw© surfaces of the mesentery^ are the superior 
mesenteric artery and its branches, the 
accompanying veins, lymphatics, lyi^h nodes , 
connective tissue, and varying amounts of adipose 
30 tissue. The mesentery is sh©%m in cross section in 
Figures lA and IB, with reference to Figure lA, 
the mesentery 10 is connected to the superior 12 
and inferior 14 mesenteric arteries, supplying 
blood to the small intestine 16, With reference to 
35 Figure IB, the mesentery 10 esepands outwardly like 
a fan to the small intestine 16, the superior 



nesen'terlc artery 12 draining into tiie superior 
nesenterio vein. As shown in Figure 2, the 
Inferior ae^enteric vein 20 drains blood fron the 
splenic 22, coronary and pyloric veins. iSie 
superior nesenterlc vein 18 drains into the portal 
vtfin, leading to the liver 26. The vascular supply 
from the port€Ll circulation supplies nutrients and 
nbtmal metabolic factors to the inplanted cells by 
diffusion until ingrowth of blood vessels following 
la^lantation provides for normal feedback 
mechanisms controlling the soluble products of the 
iiqblanted cells. 

The omentum is a double fold of peritoneum 
attached to the stomach and connecting it with some 
of the other organs, including the intestines » 
Other sections of the peritoneum and isolated 
tissues having similar chaz^cteristics can also be 
used in the method for implemting large volxxmes of 
cells. 

As shown schematic::ally in Figures 3 and 4, 
chimeric cell-*polymeric staructures are formed by 
seeding biodegradable, biocompatible high surface 
area matrices with cells, derived from biopsy of 
the patient or a close relative or from cell 
culture, and inplauiting the seeded matrices between 
folds 32 of . the mesentery 16. The folds 32 of the 
mesentery are appiroximated together to form a 
chimeric istructure 34* 
selection of Hatriz material. 

The preferred material for forming the 
me^trix or support structure is a biodegradable 
artificial polymer, for example, poly lactic acid, 
polyglycolic acid, polyorthoester, polyanhydride, 
blends or copolymers thereof, which is degraded by 
hydrolysis at a controlled rate and absorbed, alone 
or in combination with non-degradable materials. 
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Tbe biodegradable siaterials provide the gtas^fmia 
control of degradability, manageability p size and 
configt&rationo However ^ other biocoinpatible 
polyaeric materials ixieluding collagen and non= 
5 biodegradable materials^ can be used to form the 
struct^eso 

S^ampleg of non-^degradable^ or non- 
absorbable materials iaclnxde polypropylene , 
polyethylene terephthalate (Dacron polyester) and 
10 other polyesters^ teflon^ ethylene vinyl acetate^ 
nylon and stainless Steele Nylon is not preferred 
because it undergoes sl©^^ but constant hydration 
and degradation. Stainless steel filaments are 
difficult to fabricate o Both polypropylene and 
15 polyester are WDh approved as suture materials and 
as other implant components » They can be easily 
fabricated into monofilament, yam or staple with 
varying fiber diameters o Both materials have very 
orders of tissue reaction o 
20 In some ^abodiments these materials are 

overlaid ^th a second materiel, such as basement 
membrane components agar, agarose, gelatin, gum 
arable, collagens, fibronectin, laminin, 
glycosaminoglycans, miastures thereof, and other 
25 materials having properties similar to biological 
matrisc molecules knotra to those skilled in the art 
of cell ctilture to enhance cell attachments These 
materials casn also affect longevity and maintenance 
of several liver-specif ie functions, including 
30 production of albumin. Studies conducted using 
e^racellular gel matrix (SHS) have shown that 
hepatocqftes cultured on polymers coated with this 
material continue to transcribe at least two 
representative liver specific genes, albumin and a-^ 
35 1-inhibitor 3 at high rates. Cytoskeletal gene 
transcription under the same conditions is lowo 



3otp2 ra^es, as deirersiined by nticlear run-on assays ^ 
gftsgmblQ norsml liver « Moreover, "the abnonaal 
pa^g^erns o£ sbB£& abundance witb respect to liver» 
^secl^lc and cytoslceletal genes are negated on EHSo 
5 Oollagera is approved by tbe FDA for both suture and 
isaplaht useo Soae collagens ailso promote 
amtgipgenesis and fibrosis ^biesb may be advantageous 
in se^ instaneese 

Cell^aar differentiation and grocrbh can be 
10 controlled by varying attachment site density « 

AttacE^ent site density can be altered by selection 
©r chemical modification of the polymeric support 
mat^&^ial^ or by coating tSsie substrate with a pre- 
determined nunber of attachment molecules o For 

15 es;ss@pl©y • a high pH carbonate buffer can be used to 
ad^rb purified esrtracellular matrix (SCBff) 
m©lec?;^eSi, such as IsMinin and fibronectin^ onto 
polysaer mabstrateSo Hepatocytes attached to low 
des^ities of purified SCES (one to 50 ng/cm^) 

20 mintain a round morphology^ high secretion rates 
for. h^atocyte specific proteins (albumin, 
transferrin^ fibrinogen)^ and lo^ levels of 
synthesis o Hepatocytes attached to high densities 
of :pisr±ei/Q& (500 to 2000 ng/cm^) spread 

25 e^i^nsively^r have lo^er secretion rates for the 
h<?gktocyte specific proteins, and high levels of 

syntlmiso !Ehis control is largely independent 
of the sck molecule used, eOLthough there is a small 
effect on differentiation depending on the specific 

3b- molecule usedo 

The major advantage of the biodegradable 
material is that it does not have to be removed 
onc<^ cell grai;rth and formation of a functional mass 
has occurred o Mother advantage of the 

35 bics^egradable material is that compounds may be 
incorporated into the matrix for slo^ release 



durisig degradation of the matrix, por easaa^le, 
angiogenic eoajpoiands, nutrients, growth factors , 
indsacers of differaatiation or de-differentiation, 
products of secretion, isamanomodiilators, inhibitors 
5 of iaflaasaatien^, regressioxa factors, biologically 
acti'^e eo^ounds which enhance or allow ingrowth of 
the lyjaphatic networJfe ©r nerve fibers, and drugs 
can be isaeerperated into the aatrix or provided in 
conjimction with the matrix, in solution or 
10 incorporated into a second biodegradable polymer 
aatris. 

^tsSjs @@sifif^gitioao 

the preferred eaobodinent, multiple 
polymeric matrices formed of fibrous sheets sire 
15 inserted into either a fresh bed or a 

prev&Bcularized bed in the mesentery to create a 
structure having overall dimensions between a few 
microns and several* centimeters. Hatrices can be 
made in a variety of shapes, taking into 
20 consideration the requirements of adequate surface 
area for attachment off the ataaber of cells required 
for iE^lantation and formation of a function organ 
equivalent, and the requirements of adequate 
spacing between surfaces of attachment for 
25 nutrient® and gases to diffuse into the interior of 
the matrices to each attached cell. The latter 
requirement can be met by providing many relatively 
thisj matrices and implanting each sheet between 
folds of the mesentery, or by providing matrices 
30 having overall dimensions greater than the maximum 
diffusion distance for nutrients into an equal 
volume of cells, as described in tJ.So Serial No. 
123,579 entitled "Chimeric Heomorphogenesis of 
Organs by Controlled Cellular Implantation Using 
35 ArtiflcieO. ISatrices" filed Hovesiber 20, 1987 by 
Joseph P. Vacant! and Robert S. Langer, and U.S. 



Serial No« 933,018 entltaed "Chisieric 
Neombrphogenesis of Organs Using Artificial 
Matrices filed November 20, 1986 by Josepb P. 
Vacanti, the teachings of which are Incorporated 
h«:ein. 

Xn the preferred efiibodiment, the niatrix is 
fibrous in nature. This can range frcna a non-woven 
felt-like xaesh to a overlying or entangled single 
fibers to a fifponge-like structure. In addition to 
the three najor variables in the matrix components 
of composition, reinforcement (if any) , and 
coating, other variables including fiber diameter, 
fiber density, knitted constructions, auid fiber 
cross-over fusion or entanglement, must be 
considered. These matrices can be characterized in 
vitro on the basis of dry and wet con5)ressibility, 
coiqpressibility after absorisable component is 
removed (in the case of a mixture of absorbable and 
non-absp3d3able materials) , breaking strength, 
suture pull-out strength, collagen distribution and 
microscopy. Xn vivo, matrices are assessed on the 
basis of attacshment and viability of the cells is 
determined. 

Fibrous* materials are commercially 
available in the form of sutures and. non-woven 
fell^-like materials « Suitable matrices can also be 
foraied using standard techniques known to those 
skilled in the art such as solvent casting, spin 
casting or extrusion, or similar methodology. A 
useful felt-like material can be obtained from 
Davis & Geek. These types of fabrics made from a 
variety o^ biodegrading polymers have been used in 
many clinical applications and display very good 
tissue and vascular ingrowth when thinned to 
approximately 1/3 to 1/2 mm. 



Sposige^lJJce fibrous xasi'trlces have been aiade 
by solvent casting a polymer solution containing 
leaohable particulates o For e^asiple, PZ^/PLSS& 
polymers bave been csast containing s?aci particles 
5 sievedl to the sise range of 75 to 150 im. The 
matrices Here cast from a 10 solution in 
aethylene chloride into glass petri dishes^ and the 
solvent ^?as allowed to evaporate at room 
tes^erature under an atmosphere of methylene 

10 chlorideo A 50/50 H/w blend of poly(DL) lactic 

acid^ KE^ 50^000 (Polyseieiftces) and Dupont Medisorb 
85 sis gave optimum results in terms of uniformity 
and porosity o ^ese matrixes are 200 to 300 in 
thiclimeeso A scanning electron micrograph of an 

15 example of this type of matrisc is sho^ in Figure 
5 a 5!he pore sise for sposage-^lilce structures, or 
interstitial spacing for fabrics, should be in the 
range of lOO to 200 jon for optimal ingroi^h of 
vasculature a 

20 A sponge*-like matrix can also be made by 

dipping the Davis £ Geek poly (glycol ic acid) mesh 
into a polymer solution, such as poly (lactic acid) 
or a copolymer of poly (lactic acid) and 
poly(glyc©lic acid) , ^here the polymer is dissolved 

25 in a solvent for the second polymer but not the 
poly(glycolic acid), such as methylene chlorideo 
The second polymer greatly increases the 
compressive strength of the poly (glycolic acid) 
mesh and forms a ^meniscus'^ between the fibers 

30 ^hich harden into flat s\irfaces for cell 

attachment o in the preferred embodiment, the PGh 
fabric is dipped into a tno to twenty weight 
percent PIAsGA 85 §15 solution in methylene 
chloride, excess polymer solution is blotted away, 

35 and the matrix is air dried. Shis method is 
applicable to any biocompatible polymer or 



subs^r&'&e ^tleh is not soluble in a second 
biooos^a^ibld, biodegradable polymer soluiiiono 

The surface area of the matrix or matrices 
. to . be isq?lanted is determined based on tbe sise of 
5 tbe refsipientff as .^11 as the type of cell (s) to be 
iiaplantedo She average cell isiplant for a rat 
.varies bete^een 60 and 100 million cells per animal o 
THis has been implanted using a surface area of 
approsinately 36 cm^ of polymer material » It is 

10 calculated that the ra^ available surface corea of 

mesentery that could be used for implantation for a 
70 kg . adult human is 2o68 m^o Modest cell 
application densities in the range of 700^000 cells 
per cm^ could theoretically allow implantation of 

IS 10^ cell& per adult human^ 10% of the size of an 
adult human livero 

S^Xa5Qifeafei@Si @£ o®13L-Katsis ©©jasfesiaeto 

In another eaibodiment of the invention^ a 

20 Aatris containing one or more of these biologically 
active compounds is implanted in the tissue prior 
to implantation of seeded matrices^ to prepaure the 
i^lantation @ite^ for esas^le, using angiogenic 
cos^unds to. pre»va6cularise the siteo 

25 SQ2L@@&i©:fl\ ;&tta©:^aa@sat of Sells to th® ISsitMso 

A variety of different cells can be seeded 
onto the matrix » Xn the preferred esibodimentfr 
endocrine cells such as hepatocytes^r pancreatic 
cells or cells of the adrenal gland are 

30. proliferated on the matrices o Other cells such as 
calls of the ne2fvous system including hypothalamus 
and pituitary cells , lymphoid cells ^ mesodermal 
cells p such as fibroblasts, endothelial cells ^ and 
lymphatic cells ^ splenic cells, and cells of the 

35 genitourinary system, for e^amiple, renal endocrine 



'tissues^ and B<aK rela'bed i^docrine *tissues, can 
also be i^lanted tisisig thxs m&tho&o 

wifeh respe^ to the endocrine cells, ^hesre 
the cell© are positioned on multiple matrices 
within the mesentery;, the method locates these 
cells within the blood stream in close proximity to 
the blood mxpply the organs normally receive ^ 
between the portal and systemic systems o This 
eposes the cells to many of the factors present in 
the blood that aid in normal gro^?th and 
proliferation » 

Cells of one or more types can be selected 
and gro^ on the matrix a She matrix structure and 
the length of time and conditions under which the 
cells are cultured in vitro are determined on an 
individual basis for each type of cell by measuring 
cell attachment (only viable cells remain attached 
to the polymers) , extent of proliferation, and 
percent successful engraftmento As discussed 
above it is not necessary to culture cells in 
viiz^Of, other than for purposes of attaching the 
cells to the matrix, prior to implantation if 
sufficient numbers of cells are available o Cells 
generally attach within a few hours » The most 
efficient technique for attaching cells to the mesh 
is t© place a concentrated suspension of cells on 
the surface of the polymer, Hhich is hydrophobic, 
and to allow the cell sixspension to wick into the 
fabric over a period of about 30 mine The cells 
attach to the fiber© mostly as individual cells but 
also in groups of t^yo or three, within the first 
ta?enty-four hours, the cells begin rearranging into 
clusters? at this point, some cells can be seen 
interacting a great deal with the fibers by 
wrapping all the tfay around an individual fibero 
Within three days, the cells are almost completely 



orgemized intio large clusliers and grovqps of cells, 
ax^ lirkeract mos'bly ^fftth each other and not the 
fiber support*. 

Cells can be obtained lay biopsy, surgical 
e^raision from a donor, or from established cell 
lines. Methods for dissociation of tissue are 
Imcmi bat i&ay need to be optimized for cell type 
and source. For example, hepatocytes eure 
dissociated using enzymes such as collagenase, by 
mechanical disruption, and/ or treatment with 
chemical agents such as ethylenediamine tetraacetic 
acid (EDT&) tetraphenylboron. 

In some cases it is advantageous to 
stdminister an immunosuppressant such as 
cyclosporins after implantation of the cell-matrix 
to increase viability of the implanted cells. This 
is essential in the case of xenografts, as has been 
demonstrated using implants of rat liver cells into 
rabbits, and beneficial in the case of homologous 
grafts, as has been demonstrated iising hepatocyte 
implants into the enzymatically deficient 6unn rat. 

Initially growing the cells in culture 
allows manipulation of the cells ^ich may be 
beneficial following implantation of the matrix 
cell stjnicture. Presently available technology 
allows the introduction of genes into the cells to 
ma3ce proteins which %rould otherwise be absent, such 
as. those resulting from liver protein deficiencies 
anc|^>metabolic defects such as cystic fibrosis. 
R^>ression of gene expression may also be used to 
modify antigen expression on the cell surface, and 
thereby the immune response, so that cells are not 
recognized as. foreign. 

ThQ present invention will be further 
understood by, reference to the following non- 
limiting examples. 
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SSae method af Berry and Friend, J. call 
5 MqAuv 43 S06-520 (1©S9) ^ as adapted by Seglen, 
Methods In CelX Biology vol. 13, ppo 29-83 (San 
Diego ^ Academic 1976) tras modified as follm^s 

t© optimise the yield of hepatocyte©^ as well as 
viability o 

10 Livers are perfiised using a pump, 

autoclavable silastic tubing, a ^ter bath and an 
air trapo !Ehe air trap^ positioned to eliminate 
air bubbles in the perfusion buffers, is a very 
isrportant cos^onent of the system p The liver can 
15 be perfused in sitix or after removal from the bodyo 
If pessiblei^ in situ perfusion is preferred » In 
sit^i^ the liver remains in the abdominal cavity 
through both steps of the perfusion and only 
following completion of the collagenase perfusion 
20 is surgically r^ioved for dissociation into the 

primary cell culture o Oliere is no recirciilation of 
the collagenase perfusate « 

Optimal results are obtained using Seglen^s 
HEPES base initial buffer, pH 7o4, for the initial 
25 perfusion and the sa^e buffer with 4.6 mmol/L CaClg 
for the subsequent collagenase per f us ion o The 
perfusion ^ith the buffer clears blood and calcium 
from the liver a Five to six minutes for a rat 
liver is sufficient. The second step mtist continue 
30 long enough to effect good dissociation of the 

liver but not so long as to cause excessive damage 
t© the cells o In general, five to ten minutes is 
optimal for the second step using rat liver, isrith 
some variation according to the age and t^eight of 
35 the donor and the activity of the collagenase o 

Optimal temperature of the water bath is 38 to 39 
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""C "^o psroducd sl carniula output: teioperatrure o£ 35 "to 
36 ''Go !CIae&e conditions consistently generate cell 
IiSL£^e@ts . of 500 to 700 3C 10^ cells/gram of liver 
tissue ^ith cell viability of 85 to 95% « 
5 Eepatocytes Here obtained from Fischer 34 

as4 Gmm rats by collagenase perfusion » Cells ^ere 
seeded ^to non^^raven filamentous sheets of 
poIyglyc»lic acid 1 % 3 cm in size and 2 sm thick 
. to 500^000 cells/cm^ o Recipient anixials underwent 
10 laparotomy using sterile technique emd sheets were 
placed between leaves of mesentery. Eight sheets 
were placed per animal and the leaves were 
^pro^imated, creating a functional implant 1 % 1 % 

' 3 Gt&o 

15 Biopsy at day five post implantation 

s^s^ealed neovascularization, moderate inflammatory 
reaction^, and tSiie presence of viable hepatocyteso 
^his example demonstrates the successful 
implantation of large volumes of hepatocytes, cells 

20 ^ich do not normally remain viable in the absence 
of a polymeric si^port, and tOxich are difficult to 
proliferate In vivo to a number sufficient to form 
a fonctional organ equivalent ^ using multiple 
polymeric sheets placed into folds of the 

25 mesentery, with minimal trauma and blood losso 
JSss^lQ ^8 . ®b@ii|p&ri@on o2 2^@orbQble 9olymeri@ 
sa^tsis I^t@rigLls ^d eositiiags @£ 
'S^^'feSLSgimssat factors o 
One of the key factors in the success of 

30 the transient is the choice of the proper material 
for the construction of the scaffold or device 
whi^h holds the cells for transplantation « The 
material should be biocompatible? it should also 
have properties that allow it to be fabricated into 

35 porous -three dimensional devices with a high 

surface area/volume ratio to provide a significant 
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surface area for cell a^tractmen^t, and lihe 7e5Ult:ing 
de'^ices must have sufficient compressive strength 
to prevent collapse upon isiplantatieno The 
Material should be mn adhesive sxubstrate for the 
5 cells to he transplanted^ and should ideally allc^cf 
for retention of differentiated fxmction hy the 
cells and possibly for cell groifth as ^ello 

Synthetic polymers can be manufactured 
reproducibly and have good mechanical properties o 
10 Furthermore use of degradable polymers should 
preclude long-^term infections and foreign body 
reactions that ^ould prevent integration of the 
transplanted cells into the proper tissue 
architecture « 

15 From the perspective of bioco^atibility^ 

biodegradability, and ability to be processed, 
polyesters in the polylactide (P£A) , and 
polylactide-co-glycolide (PLC^) family have many 
ideal features o She interaction parameters of 

20 inter^t are cell adhesion , longevity, and 

maintenance of differentiated function o Adhesion 
is desired because the hepatocytes are anchorage- 
dependent and because it is tmlikely that non- 
adherent cells Hill stay localised to the site of 

25 the implants It is also desired that cells remain 
attached and viable on the stibstrate? and that the 
attachment sites siot degrade diiring the time span 
attachment is desired o A substrattm that allocs 
retention of function in vitro is the optimal 

30 substratum for functional retention in vlvoo The 

functional viability of the cells may be altered if 
necessary by coating the polymer substratum with 
extracellular matrix proteins « 

Stsbstrates were made in the form of solvent 

35 cast films, and films of t^o different compositions 
^re investigated » One set of films >ras made from 
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p©ly(pii-laefcide--c© glycolide) with monomers in 
ratio 83^15 iBctidesglycolide (DuPont, Hedisorb 
85s iSp weight ave £fl*f 40-100,000) and anotlier set 
was aade f ro® a blend (50/50 w/^) of SSedisorb 85 s 15 
5. end pplytlr-lacfeid®) (Polyscionees, 50^000} o 
Film^^ere oast in 50 mm diameter glass petri 
dishes £^om a freshly made 15% polymer solution in 
methylene chloride (Mallinkrodt, analytical reagent 
.g£^de) F each film contained 0«4 gm polymer « She 

10 dishes containing the films were covered with petri 
dish covers and the solvent evaporated at room 
tesiperature for a minimma of 5 hro OSie films were 
then placed nnder vacmm for 24°48 hr to remove 
residual solvent a The films were exposed to UV 

15 li^t for 90 min for pxarposes of sterilisation and 
were stored desiccated until usee !Ehe films were 
prepared for culture by washing once with 5 ml 
phosphate buffered saline (PBS^ pH 7o4) and then 
once with 5 ml complete culture meditmo Control 

20 petri dii^es (35 mm bacteriologiCi, Falcon #1008) 
were coated with Type I collagen (Vitrogeni^ 
Collagen Corpo) by adsorption from a 5 f£g/ml 
solution of Vitrogen in 50 mM carbonate buffer (pH 
9 a 4) for ls«2a hr at 4''C^ the resulting surface 

25 cpnoentratibn of collagen was 1 jug/cm^« 

Cells were isolated from 180»250 gm male 
?isher.rats using a modification of the two-step 
co^iagenase procedure of Seglen^ PoOo, Meth^ Cell 
SiS&^ff -^^ff 29«-83 (197S)o The liver was perfused in 

30 the retrograde direction first with Ca'^-free 

perfusion buffer (143 HiM NaCl^ 7 xaM KCl^ 10 saM 
HBSES^ p5 7o4) for 6 ain and then with the same 
perfusion buffer containing 5 mM CaCl^ emd 0o5 mg/ml 
^liageaase (Worthington , Class II) until the liver 

35 b^2Ssa® softo Cells were dispersed in complete 
chemically defined serum-free cxlLture medium 
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Res@a£^) ff 20 raU/sil insulin (Gibco) 5 nsa 
dessmethasone (Sigma) 20 siM pyruva-te (Gibco) ^ and 
100 U/ml penicillin/streptomycin (6ibco}/(Mc6o^an) ; 
5 e©ll viability follewing dispersion 80°90% as 
defe^Emined by trypan blti© eacclusiono Dead cells 
and debris ^@re removed by cenferifi^gafeion in an 
iso-density Bsrcoll solution (l^eaner^ B^Zso^ et 
alo. in Vitro Cell. Dev. Biol. „ 22(4)^ 201°207 

10 (1986) ) and the resulting pellet was ^shed three 
tisaes with complete medium prior to planting the 
cells o Viability at plating ^ms 88^-98% o 

For routine culture, cells %rere plated at a 
concentration of 30^000 viable cells/on^ culture 

15 surface area (300^000 cells/dish for 35 am control 
dishes p 600^000 cells dish for 50 ms^ poly:mer films; 
150^000 cells/ml) c Follo^^ing an attachment period 
of 2«-4 hr (mascimum attachment to all substrates 
occurred t^ithin 90 min) p the medium %ms changed to 

20 remove unattached cells and then cells were 

maintained in serum^f ree medium ^ith daily medium 
changes o 

Cell attachment to substrates nas measured 
by direct counting or by determining relative 

25 protein content o For direct counting^ cells were 

removed from the substrate using 0o05% trypsin/EDTA 
(eibco) o Cells plated on collagen-coated 
substrates required prolonged (30<=45 min) treatment 
^ith trypsin for adequate cell dispersion^ and 

30 plates were inspected visually before counting to 
ensure all cells had been removed from the 
substrate o For determining cell number on a large 
nusiber of plates simultaneously, Quantitative 
binding and extraction of the dye flavianic acid 

35 imSff Sigma)) was used (Skehan, Po and So Jo 

Friedman^ in vitro cell, Devel. Biol., 21(5)^ 288- 
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29Q (X98i5}} o Th© assay ^yas calibrated for cell 
s%ns^>er by aeasuring th® response of cells plated at ^ 
fe?yo different concentrations (300^000 and 600,000 
cells/plate) and counting identical plates seeded 9 
5 at tS&e sasoie concentrations; each point ^as measured 
in t^ciplicateo 

She rate of cell attachment ^s measured by 
seeding replicate plates at 30,000 cells/cm^ surface 
areao At each time point, three identical plates 

10 Here sacrificed for SLe2isurement of cell number by 
the Kirs dye-binding assay o 

For determining effects of the presence of 
extracellular DHA from dead cells on cell 
attachment at high cell concentrations (500,000 

IS ceSls/raa^) , dep^yribonucleas® I (United States 
. ■ Bieicfeiemical Corp o J .^as added to the attachment 
medima at concentrations 0^ 10, 100, and 1000 U/mlo 
Cell© ^ere plated on the standard vitrogen=coated 
35 mm polystyrene dishes smd attachment ^s 

20 determined on duplicate plates o 

Albumin secretion into the culture medium 
^as quantified by a sandwich ELISA technique 
(Sch^erer, B», et al., Clin. Chlmo Acta, 163, 237- 
344 (1987) ) using antibodies specific for rat 

al5 alb^sain COrganrai-Teknika-'-Capell) <, miA synthesis 
^s measured biochemically by the incorporation of 
1 j&c£/ml ^-thymidine over 20 hro Total DKA content 
and s^dibacti'^ity were determined according to the 
method of ^Gotmn, JoA« and HoLoRo Bucher, £a 

30 19(3), 159^166 (1983) o 

Cell cultures were fi^ed in Kamovslq^^s 
. fixative at 37 °C for one hr, cashed with 0.1 M 
cacbdylate buf f er (pH 7o4), postfi^ced for l hr in 
IS osmium tetro^de, dehydrated in a graduated 

35 series of ethanol/water solutions^ and dried in a 
critical point drier (Ladd) with supercritical CO^o 



The sasrples ^era then sput'ter^oatzed gold and 

observed In a Hitachi scanning electron microscope » 

In one set of eseperiaents y the kinetics of 
cell attachment to s^strates %rere studied at cell 
surface concentrations of 30^^000 cells/cm^ and belo^ 
to minimise the role of cell-cell interactions « 
(SJote that there are to^o relevant cell 
concentrations s a tHO dimensional surface 
concentration and a vol^etric . concentration a Th^ 
tHo=»aimensienai-eoncentrat±on'^is relevant because 
the cells settle to the surface quite quickly 
regardless of the total voltme^ and the surface 
concentration reflects the degree to ^^hich cells 
may interact at the attachment interface and the 
relative competition for sites? ioeo^ for cells 30- 
25 in diameter, total sturface coverage ^ith 
spheres ^?ould corre^ond to 160,000-250,000 
cells/cm^, so 30,000 cells/raa^ wuld represent less 
than 20% surface coverage.. The volume 
concentration is is^ortant because attachment may 
be inhibited by cell-secreted proteins ») The rate 
of attachment to both types of polymer films is 
similar and msi^dmum attachment is achieved in 60 
min, while ma^cimum attachment to the collagen*^ 
coated control dishes required about 120 mine 
Hepatocytes were observed to attach primarily as 
single cells ^ and no difference in the kinetics of 
attachment to collagen^coated dishes ^as observed 
at a f€3ur-fold lower cell concentration (7500 
cells/em^) o 

&t cell concentrations above 100,000 
cells/ cm^i, cell-cell interactions significantly 
affect the number of cells attaching to the 
sMbstrate and the pattern of hepatocyte attachment 
is quite different for the polymer substrates ^d 
controls a At high cell concentrations, the cells 
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. . t^ere obsesr^ed. "bo form aggrega1:es of 2^10 cells, and 
' these aggr^a'kes could be seen to attach to 

tbd collageia--coated substrates, tbey did not appear 
to interact ^ith the polymer films o The. formation 
5 off cell aggregates ws not affected by the presence 
of SflSS^se (10»lbOO n/ml) r as ^ould be expected if 
the leakage of f rcna dead cells ^s causing 
r. nonspecific aggregation « Even tbough a much 

greater number of cells attached to the collagen- 

10 coated substrates than . to the polymer films at high 
cell concentrations, cell-'cell interacticms also 
influenced the pattern of attachment at 
concentrations of cells above 200,000/cm^i dtaring 
the ^jashing step, patches of cells Hould come up 

IS fra® the surface, leaving the surface bare in 

■ spofeSo SEhe distribution of cells on the surface 
• . ' can be easily visualized during the WXS assay, and 
SUC& patchiness ^^ms not observed at cell 
concentrations of 200,000 cells/ cm^ and lower o 

20 The polymer substrates used for culture are 

opaque so scanning electron microscopy can be used 
to observe the morphology of the cells « The cells 
maintained on the collagen-coated polystyrene 
dishes ^ere in general highly spread and f lat^ 

25 surface microvilli were observed predominantly in 
the center of the cells a Xn contrast, the 
mor^ology of cells on the polymer sxibstrates was 
heterogeneous? both highly rounded and spread cells 
were observed o On the poljfmer films, both rounded 

30 and spread cells had numerous surface microvilli » 
The growth pattern of hepatocytes 
maintained on polymer films cast from the blend of 
PZ^ and PiJSA is similar to that of hepatocytes 
malntalnedL on the collagen control substrates and 

35 the synthesis rates are equivalent » Attrition 
of cells begins after three days in culture « 
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Xhe flliojs cas-t from pure PIiS& 85sl5 did not: 
pro»vd be good siabstrates for oell longevi'by 
tlie cell coDcen-tratlon inve5l:igated (20^000 
cells/ CTi^) o After 3«»4 days, tbe cells deliached from 
5 tbe sisbs-^rate in large wisps or cords » Similar 
de'taclment of bepatocyties from tJie sxabs^a'ke ^hen 
cells are cxaltrtxred on f ibronectin-coated 
polyst:yrene dishes (10 f&g/csi^ 10,000-30^000 
cells/ cm^) has been observed o Such de'bachmen'b of 

10 cell shee*bs or cords froia the substrattm has also 
been observed in other systems and has been 
attributed to cell^-cell tensions that overcome the 
cell-substratura tension » 

The retention of hepatocellular function on 

15 polymer blend films was assessed by measuring the 
rate of albumin secretion « The rate of albumin 
secretion (jtsg/lO^ cells/day) by cells maintained on 
the polymer blend films increased almost twofold 
over the five days in culture? in contrast, albumin 

20 secretion for cells on the collagen control dishes 
decreased over 60% o The decline in albumin 
synthesis for cells maintained on collagen was the 
same for collagen surface concentrations of 1 and 
10 f£g/csEi^o The secretion rate of albumin by cells 

25 on the polymer blend films is in the range of the 
reported in vivo rate for rats [17o3=-l9o4 mg/gm 
liver/24 hr (Peters, ToJro, and JoCp Peters, 
Biolo Chemo . 247(12), 3858^3863 (1972)) which 
corresponds to 144-162 ;Ag/10* cells/24 hr based on 

30 120 ^ 10® hepatocytes/gm liver o 

The maximum cell concentration that could 
be accommodated on the polymer surface was 50,000 
cells/cm^, and the number of cells attached to the 
substrate declined if the number of cells plated at 

35 the surface exceeded 100,000 cells/cm^o IThile the 
maxixnmn in cell attachment of 50,000 cells/cm^ may 
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be & sufficient: cell number in implant: si'tua^ions 
Hbisire cell grc«?tli is desired lilgher cell 
a^&tadSasKasTb densities may be required if e^ensive 
cell^cell contact is necessary for retention of 
5 fimetion by tbe iso^lanted cells or if more 
efficient imse of the polymer surface area is 
needed o Because a significantly greater number of 
cells attached to tbe collagen control, coating tbe 
polymer substrates ^ith ng^fig /csa? amounts of 

10 €^^tracellular ms:tri3C proteins such as collagen (or 
lastinin or fibt^neetin) may be used to enhance cell 
adh^ion for transplant matrices if high cell 
surface densities are required o 

In order to retain hepatospecif ic function 

15 in v±^Ojf it is e3q>ected that the cells will have to 
be iiiplanted in a highly functional state ^ and that 
best -e^ay to ensure this is using a substratum for 
attachment ^hich is also optimal for allowing 
retention of cell function « Films made from a 

20 ble&bd of 85sl5 and PIXA. appear to allow 

e»sellent retention of one hepatocellular function 
(albiGsmin secretion) , although the mechanism of this 
ret^tion is hot cles^: because there is no 
bio^ecif ic interaction between the polymer and the 

25 cells o One possible mechanism of the observed 
retention of differentiated function is through 
modulation of cell shape? control of gene 
esspression in many cell types has been demonstrated 
to be cell shape^ependento 

30 Ssa^l© 3s S'r^v&ss^sl^i^^tian o£ ^ sit© 

@^^©^@^t implantation of a 

There is a large loss of hepatocyte 
viability in the first 24 to 48 hrs after 
35 isplantationo This loss occurs largely independent 
of the cell density that is used for implantation. 
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Ho^^ever, the denser the application the large the 
sraaber o£ viable cells that survive engraftsento 
Prevascularisation appears to help by increasing 
the nusiber of engrafted cells » Figisre 6a depicts 
5 a lo^y po?y©r vie^ of an isiplantation site^ The 

right and left margins are the original mesenteric 
folds and the cell polymer constnsct can be seen 
between the leaves « a?he polymer mater iaO. sho^s a 
giant cell foreign body reaction aroxmd each of the 

10 fibers □ There is a modest inflammatory cell 

infiltrate in the interstices. Small nests and 
cliasters of viable hepatocytes can be seen 
throughout the implant^ and neovascularization is 
present throughout c Figure 6b is a higher power 

15 viet7 documenting that the nests of hepatocytes 

clearly prefer the edges off the is^lcmt closest to 
the mesenteric fold and the associated blood 
s^plyo The hepatocytes are also not attached to 
the polymer fibers^ indicating the preferential 

20 adhesivity that occurs to each other as wll as to 
the matriss that they have laid down^ There is an 
associated fibroblast reaction with collagen 
deposition. 

Prevascularization tras accomplished by 

25 implantation of polymer loaded with the tripeptide 
glycine-histidine-= lysine (GHL) p a known potent 
angiogenesis agent as well as an hepatotrophic 
agent o Figure 7a is a photo of a polymeric matrix 
containing GHL implanted into the mesentery o 

30 Figure 7b is a photo of a polymeric matrix not 

containing SHL implanted into the mesentery <, The 
matrices did not include cells o The polymer is in 
the upper left hamd comers □ The arrows in Figure 
7a denote the large ^ dense vascular network that 

35 arose over the five-^ay implantation period of the 
GEL containing polymeric matrix. 
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2fodificatlons and variations of tbe present 
invention^ a method for implanting large volixmes of 
functional cells on polymeric matrices in vivo> and 
the product theireof , will be obvious to those 
S stcilled in the art from the foregoing detailed 

description of the invention. These modifications 
and variations are intended to come within the 
scope of the appended claims. 
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We claiA: 

1« A neldiod of making a funcbional 
chimeric cell-matrix structure comprising 

a) providing a biocompatible matrix formed 
of a material selected from the group consisting of 
biodegradable, non-biodegradable, and combinations 
tbereof having viable cells attached thereto; and 

b) iziplanting the matrix juxtaposed with 
tissue having high surface area and vasculature 
adjacent the surface of the tissue so that adequate 
nutrients and gas exchamge between the attached 
cells and the blood occurs for the cells to remain 
viable amd to function. 

2. The method of claim 1 wherein the tissue 
is the mesentery. 

3« The method of claim 1 wherein the 
tissue is the omentum. 

4. The method of claim 1 wherein the 
tissue is the peritoneum. 

5. The method of claim 1 wherein the 
material is a biodegradable polymer selected from 
the group consisting of polylactic acid, 
polyglycolic acid, polyorthoester, polyanhydride, 
collagen, and copolymers, blends smd combinations 
thereof. 

6. The method of claim 1 wherein the 
material is a non-degradable , or non-absorbable, 
material selected from the group consisting of 
polypropylene, polyethylene terephthalate and other 
polyesters, teflon, ethylene vinyl acetate, nylon, 
stainless steel, and combinations thereof. 

7. The method of claim 1 wherein the 
matrix is a fibrous material having interstitial 
spacing in the range of 100 to 200 fim. 
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8p The method of claiia 1 wherein the 
Bi&trijs joaterlal is coated with an attachment factor 
selected from the group consisting of basement 
mesahrane components, ageir, agarose, gelatin, gum 
arable, collagens, flbronectln, lamlnln, hyalxaronlc 
acid, gl^fcosaminoglycans, attachment peptides, and 
mixtures "thereof » 

So Xhe method of claim 1 ftirther 
con^rislng incorporating into or onto the matrix a 
compound selected from the group consisting of 
angiogenic cos^>ounds, nutrients, growth factors. 
Inducers of differentiation or de«-dlfferentiatlon, 
products of secretion, Immxmomodulators , inhibitors 
of inflamEmation, regression factors, biologically 
active compoxmds which enhance or allow Ingrowth of 
the lymphatic network or nerve fibers, and mixtures 
thereof o 

10 o The Method of claim l wherein the 
cells are selected from the group consisting of 
hepatocyt^^ pancreatic cells, adrenal cells, 
lymphoid cells, cells of the nervous system, 
fibroblasts, endothelial cells, lymphatic cells, 
splenic cells ^ and cells of the genitourinary 
system o 

11 « The method of claim 1 con^rising 
implanting, prior to implantation of the matrix 
with attached cells, a matrix containing a compound 
select^ fsrom the groi^ consisting of angiogenic 
compounds, nutrients, growth factors, inducers of 
differentiation or de^dlfferentlation, products of 
secretion, imaunomodulators, inhibitors of 
inflammation, regression factors, biologically 
active compounds which enhance or allow ingrowth of 
the lymphatlcL network or nerve fibers, and mixtures 
thereof o 
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12 » Tbe method of claim 1 conqprising 
culturlng the polymeric matrix with attached viable 
cells in vitro prior to is^lanting the seeded 
matrix in vivo. 

13. The. method of claim 1 further 
con^rising modifying the cells prior to attachment 
to the matrix. 

14 « The method of claim 1 wherein multiple 
matrices with attached cells are implemted. 

15. The method of claim 14 wherein the 
matrices are made of different materials. 

16. The method of claim 14 wherein the 
matrices contain cells of different types. 

17* TtM method of claim 1 wherein matrices 
are implamted juxtaposed with more than one type of 
tissue* 

18 • A matrix structure for implauitation 
into tissue having high surface area and 
vasculature adjacent the surface of the tissue 
cosiprising a biocon^tible material selected from 
the group consisting of biodegradable materials, 
non-biodegradable materials , and combinations 
thereof in a fibrous shape having interstitial 
spacing in the range of 100 to 200 im and having 
viable cells attached thereto. 

19. The structure of claim 18 wherein the 
material is a biodegradable polymer selected from 
the group consisting of polylactic acid, 
polyglycolic acid, polyorthoester, polyanhydride, 
collagen, and copolymers, blends and combinations 
thereof. 
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30 o ?!be slirucferire of claim 18 herein th,^ 
siatiesrial is & non^degradable, or non-absorb&ble, 
a&tarial s<&leo^ed frosi qroxxp^ consis'klng of 
polypropylene, polyethylene terephtlialate and other 
pblyeeters, teflon^ ethylene vinyl acetate, nylon, 
stainles® steel, and coaibinations thereof <> 

31 o ^e structure of claim 18 herein the 
matrix material is coated ^ith an attachment f acter 
selected from the group consisting of basement 
memhxane components^ agar, agarose, gelatin, gum 
arable, collagens, fibronectin, lamlnin, hyaluronic 
acid, giycosamlnoglycans, attachment peptides, and 
mixtures thereof o 

22 o The structure of claim 18 further 
oomprisis^ a c^^pimd selected from the group 
conslstisng of angiogenic compomtds, nutrients, 
gro^e^th factors, inducers of differentiation or de«> 
differentiation, products of secretion^ 
immanomodulators, inhibitors of inflammation, 
regression factors, biologically active cos^ounds 
^i(^ enhance or allo^ ingrowth of the ly^mphatic 
net^orlc or nerve fibers, and mi^dtures thereof « 

23 o The structure of claim 18 therein the 
cells are selected from the group consisting of 
hepatocytes, pancreatic cells, adrenal cells, 
lys^^oid cells, cells of the nervous system, 
fibroblasts, endothelial cells, lymphatic cells, 
splenic cells, and cells of the genitourinary 
system p 

24 o The structure of claim 18 further 
co^rising a compound selected from the group 
consisting of angiogenic compotmds, nxrtrients, 
growth factors, inducers of differentiation or de- 
differentiation^ products of secretion, 
imssamoBodulators p inhibitors of inflammation, 
regression factors, biologically active co:^otmds 
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^Icb enliance or allow Ingrovtb of the lynqphatic 
network or nerve fibers, and mixtures thereof • 

25. The structure of claim 18 having a 
fibrous nesh-like shape. 

26. The structure of claim 18 having a 
sponge-like shape. 

27. The structure of claim 18 formed by 
coating a biocompatible fibrous mesh with a second 
biocompatible, biodegradaJ^le polymer solution, 
wherein the f ibroxis mesh material is not soluble in 
the second polymer solution. 

28. The structure of claim 27 wherein the 
fibrous mesh is formed of poly (glycolic acid) and 
the second polymer is selected from the group of 
poly (lactic acid) and poly (lactic acid-glycolic 
acid) copolymers. 

29* The structure of claim 27 wherein the 
second polymer forms flat surfaces at between the 
fibers forming the fibrous mesh* 

30. A method for making a biocompatible 
matrix for culturing cells cosprising coating a 
biocompatible fibrous mesh with a second 
biocompatible, biodegradetble polymer solution, 
wherein the fibrous mesh material is not soluble in 
the second polymer solution, removing excess 
polymer solution, Euid removing the solvent from the 
second polymer solution. 
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